Aim To calculate for which combinations of age and perimetric disease stage glaucoma patients are unlikely to become visually impaired during their lifetime. Methods We used residual life expectancy data (life expectancy adjusted for the age already reached) as provided by Statistics Netherlands and rates of progression as derived from published studies. We calculated the baseline mean deviation (MD) for which an individual would reach a MD of À20 dB at the end of life as a function of age and rate of progression. For situations in which the individual rate of progression is unknown, we used the 90th percentiles of rate of progression and residual life expectancy. For situations in which the individual rate of progression is known, we used the 95th percentile of the residual life expectancy. Results An easily applicable graphical tool was developed that enables an accurate estimate of the probability of becoming visually impaired during lifetime, given age, current glaucomatous damage, andFif availableFthe individual rate of progression. Conclusions This novel tool enables the clinician to incorporate life expectancy in glaucoma care in a well-founded manner and may serve as a starting point for personalized decision making.
Introduction
Glaucoma is mainly a disease of the elderly. As it tends to have a low speed of progression, some patients will not become visually impaired during their lifetime. 1 If patients with a near-zero risk of visual impairment could be identified, a source of excess treatment and excess monitoringFwith all its side effects and costsFcould be identified as well. The occurrence of future visual impairment (depicted as a certain amount of visual field loss) can be predicted from the current visual field loss of a patient together with his or her rate of progression. 2, 3 If the predicted future field loss does not exceed a certain amount before the end of life, a less scrutinized glaucoma care could be the preferred approach.
This seemingly attractive concept has at least two major limitations. First, a reliable measurement of the rate of progression is required. This measurement, however, takes at least 5 years. 4 As a result, this information will not be available at the time of the initial decision making, and may never become available in the ageing patient. Hence, initial decision making is necessarily based on general knowledge of rates of progression as found in observational clinical studies and trials. Second, the remaining number of years of life has to be known. This number is usually approximated by the difference between the current age and the median life expectancy at birth, the latter being in between 80 and 85 years of age in the western world. This approximation, however, is unsuitable for estimating life expectancy in the elderly, as the average age-of-dying becomes higher with age. Moreover, it does not take into account variability in survival. As a consequence, many glaucoma patients are diagnosed, monitored, and treated at an age amply beyond the age corresponding to their median life expectancy at birth. To make a proper estimate of the life expectancy of glaucoma patients, life expectancy should be adjusted for the age already reached: residual life expectancy. Moreover, to take into account variability in survival, not the median residual life expectancy should be used but rather some estimate of the upper limit.
The aim of this study was to calculate for which combinations of age and perimetric disease stage glaucoma patients are unlikely to become visually impaired during lifetime. For this purpose, we calculated age and gender-adjusted life expectancy values using data from Statistics Netherlands. With these residual life expectancy values, we calculated the probability of dying without visual impairment. These calculations were performed (1) with rates of progression of untreated and treated glaucoma patients from the literature and (2) with individual rates of progression incorporated. The former yields a tool for initial decision making; the latter yields a tool that can be used in patients with a perimetric follow-up of at least 5 years.
Materials and methods

Residual life expectancy
Residual life expectancy was calculated by using data from Statistics Netherlands (http://www.cbs.nl/; accessed 25 September 2008) . This public institute has data available on the chances of dying within a 1-year period for a western population. For example, a male individual who has reached the age of 70 has a chance of dying of 2.5% before reaching the age of 71. The corresponding 1-year survival chance is 97.5%. Likewise, the 1-year survival chance of a male aged 71 is 97.3%.
The chance of surviving from age A to age B can be calculated by multiplying the 1-year survival chances of age A up to age B-1. If this chance equals 50%, then the difference between age A and age B is considered the median residual life expectancy belonging to age A. Similarly, a chance of surviving of 10% corresponds to the 90th percentile of the residual life expectancy belonging to age A. In our example, the chances of surviving for a male individual from age 70 to age 72 can be calculated to be 95% (97.5 of 97.3%). Therefore, the 5th percentile of the residual life expectancy for men aged 70 is 2 years.
Probability of dying without becoming visually impaired
For all ages and both genders, the amount of baseline visual field lossFexpressed as a mean deviation (MD) valueFabove which an eye has a low risk (see below) of becoming visually impaired during lifetime was calculated. This amount, referred to as critical baseline loss, was calculated by subtracting the product of the residual life expectancy and the rate of progression (change of MD in dB/year) from a pre-defined MD level of À20 dB, arbitrarily chosen to represent visual impairment (see Discussion).
For the situation in which the individual rate of progression is unknown, we performed these calculations using the 90th percentile of the rate of progression distributionFboth for treated and for untreated patientsFand the 90th percentile of the residual life expectancy. The 90th percentile of the rate of progression was assumed to be À2.5 dB/year for untreated glaucoma and À1.0 dB/year for treated glaucoma. 5, 6 The critical baseline losses for untreated and treated glaucoma were subsequently plotted with age along the x axis and MD along the y axis. In this way, the age-MD plane was divided into three areas, depicting different probabilities of becoming visually impaired before dying.
For patients for whom the individual rate of progression is known, we performed these calculations for rates of progression of À0.25, À0.5, À1.0 and À1.5 dB/year, and we used the 95th percentile of the residual life expectancy (see Discussion). The critical baseline losses for these four rates were subsequently plotted with age along the x axis and MD along the y axis.
For the situation in which the individual rate of progression is unknown, a computer simulation was used to calculate the percentage of patients who would become visually impaired before the end of life despite an apparently favourable baseline combination of age and MD. For each possible combination of age, gender, and treatment condition, a set of 1000 patients was simulated, all with critical baseline loss. A random survival and rate of progression were assigned to each patient, using the appropriate distributions. The outcome of the simulation was the percentage of patients with an MD below À20 dB, which happened to be 2.5%. For the situation in which the individual rate of progression is known, the use of the 95th percentile of the residual life expectancy implies a 5% risk of becoming visually impaired before dying if a patient has an age-MD combination that coincides with the critical baseline loss corresponding to his or her rate of progression. All analyses were performed using SPSS (version 16.0; SPSS Inc., Chicago, IL, USA). Figure 1 shows the residual life expectancy for men (a) and women (b) as a function of age. The median life expectancy at birth is 81 years for men and 85 years for women. If a man has reached the age of 81 or a woman has reached the age of 85, they both have on average another 6 years to live. For every year a person becomes older, the residual life expectancy decreases by less than a year. This phenomenon becomes more pronounced with age. Figure 2 presents the probability of becoming visually impaired before dying for the situation in which an individual rate of progression is unknown, for men (a) and women (b). Figure 3 shows the corresponding results for the situation in which an individual rate of progression is known. The interpretation of the Figures 2  and 3 is explained in the legends.
Results
Discussion
This novel tool, condensed into two easily applicable graphs that could be used stand-alone in the consulting room, should help the clinician with the decision-making process in glaucoma in the elderly. The first graph ( Figure 2 ) enables a well-founded estimate of the probability of visual impairment if only the age and the current amount of glaucomatous damage are known; the second graph ( Figure 3 ) offers a refinement of the estimate once the individual rate of progression becomes available.
Patients in the green area of Figure 2 have a probability of o2.5% to become visually impaired during their lifetime, even if untreated; watchful waiting would seem to be the appropriate initial approach. On the other hand, patients in the red area are at risk of visual impairment, even if treated. Therefore, monitoring and treatment according to current standards would be obligatory in these patients. For patients in the orange area, an intermediate approach can be followed. A patient with a glaucomatous optic disc but without visual field loss may be considered to have an MD of 0 dB. This approach is on the safe side, as such a patient could be years away from actually developing visual field loss. If a perimetric follow-up was deemed needed, the individual rate of progression can be determined after 5 years, and the glaucoma care can be fine-tuned using Figure 3 . Figure 2 Probability of becoming visually impaired before dying for the situation in which an individual rate of progression is unknown, for men (a) and women (b). If the combination of age and current mean deviation brings the patient in the red area, the probability of becoming visually impaired before dying exceeds 2.5%, even if treated. In the orange area, this probability is o2.5% if treated but 42.5% if untreated. In the green area, this probability is o2.5% even if untreated. Visually impaired was defined as a mean deviation of À20 dB. 
Eye
For example, an 84-year-old male patient with an MD of À9 dB has a rate of progression of À1.0 dB/year despite optimized topical treatment and laser surgery. In this patient, Figure 3 denotes a non-negligible risk of blindness and may guide the clinician towards glaucoma surgery. If the same patient would have a rate of progression of À0.5 dB/year, a more conservative approach might be preferred.
Our tool should not be considered as a rule that dictates the need of treatment and/or follow-up in individual patients. Rather, it helps the clinician to estimate the prior probability of future visual impairment in a reproducible way, which may serve as a starting point of the decision-making process. Before making a decision, the clinician should compare his/her patient with the characteristics of the populations on which the analyses presented in this study were based (see below). The patient may have a higher risk than addressed in the analyses if pseudoexfoliation is present, if it concerns a secondary glaucoma, or in the case of African descent. Also, the clinician should try to make a personalized estimate of the life expectancy. No signs of any chronic illness along with a family history of longevity may denote one end of the spectrum and a long drug list the other end. Moreover, the clinician should take into consideration personal visual needs and the location of the initial defect. Generally speaking, quality of life is better with two functional eyes, 7 indicating that the tool should be applied to the worse eye. However, in some situations, it is more realistic to concentrate on the better eye, depending on what is considered acceptable or possible given individual patient's circumstances, or on both eyes separately (for example, the decision might be a surgery in a functional eye with advanced disease along with watchful waiting in a fellow eye with little damage). Finally, the impact of the decision (prescribing drops or doing a laser trabeculoplasty may be more easily initiated than performing filtration surgery or implanting a drainage device) and the preferences of the patient (who may prefer 'to be on the safe side' or to refrain from treatment as much as possible) should be taken into account. This is especially important if the individual combination of MD and age, and rate of progression if available, is close to a decision cutoff point.
When applying Figure 2 , the probability of a poor outcome (that is, an MD below À20 dB at the end of life) is 2.5%. This seems to be a clinically realistic choice. A much higher probability would be undesirable from an ethical point of view whereas a much lower probability would result in the unrealistic need to monitor and treat all patients until death. Moreover, some risk can be accepted more easily in a slowly progressing disease like glaucoma where an initial policy can be adjusted later. When applying Figure 3 , the probability of a poor outcome is 5%. We selected this probability because data needed to make calculations for a probability of 2.5% were not available for the very old.
For untreated glaucoma, we used rate-of-progression data from the early manifest glaucoma trial (EMGT; 90th percentile À2.5 dB/year in patients without pseudoexfoliation). 5 Patients with a mean IOP above 30 mm Hg or any IOP above 35 mm Hg were excluded from the EMGT. 8 For treated glaucoma, data from the Groningen longitudinal glaucoma study (GLGS; 90th percentile À1.0 dB/year) were used. In the GLGS, the mean IOP during follow-up was 14.9 mm Hg with a SD of 2.9 mm Hg. 6 The rate of progression distribution was very similar to that of the treated arm of the EMGT. 9 Figure 3 Probability of becoming visually impaired before dying for the situation in which an individual rate of progression is known (patients with at least 5 years of perimetric follow-up), for men (a) and women (b). Patients with an age and current mean deviation combination that brings them above their individual rate of progression line have a probability of o5% of becoming visually impaired before dying; below this line, this probability is 45%. Visually impaired was defined as a mean deviation of À20 dB.
Interestingly, the same rate of progression (90th percentile À1.0 dB/year) was found in untreated normal tension glaucoma patients. 10 The participants in the EMGT and GLGS were predominantly Caucasians with primary open-angle glaucoma. Obviously, our tool should not be used without caution in patients with characteristics different from those of the participants in these studies, as listed in this paragraph.
Strength of our study is that, we implemented an upper limit of residual life expectancy rather than the median life expectancy at birthFwhich would have been much easier from a computational point of view. The median life expectancy at birth is 81 years for men and 85 years for women (Figure 1 ). Many patients in the consulting room have already passed or will pass this age. Hence, similar but simplified tools using the median life expectancy at birth will dangerously underestimate the probability of visual impairment.
We used linear modelling, that is, we assumed MD to decay at a constant rate. Although both episodic and continuous progression types appear to exist, 11, 12 this linear approach seems to be the most appropriate choice if it comes to modelling. 13 The debate is ongoing as to whether or not the rate of progression increases with disease severity.
14 In the EMGT, such an increase was not observed. 15 Patients with an MD below À16 dB at baseline, however, were excluded from the EMGT and thus the increase might still occur below À16 dB. As À16 dB is close to our endpoint of À20 dB, disease acceleration may be ignored in our analyses.
The MD is not only influenced by glaucoma but also by cataract. There are perimetric indices that are less influenced by cataract, such as the pattern standard deviation (PSD) and the visual field index (VFI). 13, 16 The PSD cannot be used because it does not change monotonically with time. The VFI seems promising, but currently there are no normative data for its rate of progression. The same is the case for other staging systems like the Hodapp-Parrish-Anderson method, the Mills' classification, the AGIS scoring system, or the Glaucoma Staging System 2. [17] [18] [19] [20] [21] For these reasons, we confined our study to the MD. From the point of view of safety this is an appropriate choice, because cataract, if present, will result in an overestimation of the amount of glaucomatous damage.
We defined visual impairment as an MD of À20 dB. This corresponds to the definition of end-stage disease as used in the Advanced Glaucoma Intervention Study 19 and was also adopted in the NICE guidelines (http:// www.nice.org.uk/CG85; assessed 12 May 2009). Visual impairment and loss of quality of life are related to the MD, [22] [23] [24] [25] [26] [27] but also to the location of visual field loss. In most glaucoma patients, the field loss starts superiorly in the Bjerrum area or in the nasal periphery. In some patients, however, the field loss starts adjacent to fixation. These patients are more likely to lose fixation in an early stage and to perceive disability due to overlapping binocular field loss, 28 especially if located inferiorly. For that reason, our tool should not be used in these patients.
We assumed the residual life expectancy of glaucoma patients to be equal to that of the general population. Some studies have reported a decreased life expectancy in glaucoma patients, whereas others have not. Based on a recent review that denied a decreased life expectancy in glaucoma patients, 29 we decided not to adjust residual life expectancy for the presence of glaucoma.
Finally, clinicians dealing with elderly patients with a chronic disease must incorporate life expectancy in some way in their decision making, and it is part of the physicians duty to 'set limits' by not ordering tests and treatments of zero or very marginal utility. 30 We hope that our tool is helpful in this respect.
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